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This workbook has been prepared for usOy State Energy Offices as a 
tool in assisting schodl administrator and maintenance managers in 
performing Class C information energy audits to identify energy 
conservation measures. c 

This workbook is one of a series of eleven (IJ) workbooks for different 
types of buildings; one each for apartments; bakeries, die-cast plants, 
educa^tiona] institutions, hospi^tals, hotels and motels, office^, ^ 
rest^%its, Vetail stores, transportation terminals, and warehouses and 
stor^efacilities. In addition, . a two-volume -instruction manual , has 
beenl^pared to assist energy auditocs^in perfonninc Class A energy 
audils> ' • , ' . 

Fuel^and Energy Consultants assislecl in the preparation of the workbooks 
and the States of New Mexico, New York, Michigan, Minnesota, and Texas 
participated -tn a field test of the workbooks. Their participation and 
invaluable comments and suggestions are deeply appreciated. 




While the recoimiendations and examples contained in this workbook have 
^been reviewed for technical accuracy, the U.S. D^artment^of Energy, : , 
its contractor; and the State Energy Office are rtof- liable if potential 
cost savings identified as a result of using tl^is workbook are not . . 
actually achieved. 



PREFACE 



While all administrators and maintenance managers of schools wish to do 
their partty conserving energy, they often overlooTc the positive impact 
that energy conservation can have on^ theij^peratjpg budgets. . 

In a typical school, it is possible to save as much as 15% of utility 
costs through common sense actions without any appreciable capita^ 
expenditure. (A school is considered typical if the original facility 
was built 20 IoaSO vears ago, with wings and other additions added over 
intervals up to th/present.) Even if a- building yvas. built after 19/6, 
^it is still possiJsle to find many opportunities to conserve energy. 

As -the" administrator or manager, you do not have to be- an engineer to 
identify those'^rea? where energy and real dollar savings can be-^eal- 
i^ed. Just k^'p in mind th^t, up until about 1,975 or 1976, energy ^ 
conservation was not a major factor in the- design of the facilities. 
Look for the obvious -- and that. is the purpose of this workbook^ 
finding the obvious savings through an energy audit. , ^ 

The first obvious' thing to Ipok at is the lighting. Are the hallways, ' 
classrooms, lobbies, kitche^is, cafeterias, mechanical rooms, and>ones- 
sential areas overl ighted? ; Common sense will tell you which areas are 
and good guesswork can enabT€*you to reduce the number of lamps in the 
excessively bright areas. Si-fic^e f«luorescent lamps use much less energy 
than incandescent lamps, it is fusible to replace incandescent lamps 
with fluorescent fixtures,-.w}5«re?possible. If a mechanical room has 
only incandesc^ent lamps, good ^isiconomic sense tells you not to replace 
the lamps if the room- is used only one or two hours a week. Just make 
sure that the lamps are turned off when- the room is not occupied. For 
that matter, turning off lights when not needed is an obvious goal. 

. The workbook will show you some easy ways of determining how much energy 
can be saved "by turning off lights.- For. example, if your maintenance 
people read the main electric meter daily at six in the morning and at 
nine^ or -ten in the evening', you could easily see how much electrical 
energy you used during the- day and night hours.-. To make the comparison, 
calculate the kWh per hour used from- 6 a.m. to 10 p.m. and the kWh per 
hpiiV used from 10 p.m. to 6 a.m. and compare the two periods; If. you 
find that there is' not a dramatic reduction in this ni-ght time consumo- 
^ion, you may discover th^ certain 'lights (and electrical equipment) 
are being left on when they're not needed.^ , - ' ^ 
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Consider another obv-ious thing which will-^be brought out m the work- •■ 
book - "domestic hot water." The hot water used for showers and 
washing by the students and staff should not be over 105 toaiO°F Do 
you have to mix cold water with hot water at the taps and shower heads 
to adjust the hot water temperature? Or, (ask your maintenance person- ^ 
nel) is your domestic hot water cooled through an automatic hot- cold 
water mixing system prior to delivery to the points of Ms'e? _If so » and 
your facility is typical, your hot water system is set for 160 to 180 F, 
perhaps less but considerably, more than llOOP. By lowering the tempera- 
'ture control to ,110 to IZOOP, a' significant energy jund^ dollar savings j 
can be real ized. ' . 1 

If your heating, ventilating and air conditioning system (HVAC) is 
typical, did you know that you probably have your chiller (air con-' • 
-ditioner) operating when the outside temperature is only 50;to SS^F? . 
Why? Because that is the way that most HVAC control systems were_de- 
signed before the 1974 Arab oil embargo. The systems are designed to 
mix fresh outside 'air with hot returned inside air "n a mixing chamber 
and adjust the mixed 'air's temperature by cooling to the desired thenpo- 
stat control setting". There is no law that says the chiller must oper- 
ate when the outside air is 55°F. Change the controls so that the 
chiller will turn on at say, 63°F instead. More fresh air will be 
brought in and more inside- hot air will be rejected to arrive at the ^ 
prdpe>mix-. Your maintenance people or your HVAC contractor can do- this 
for you. What do, you save? The usual large school will have 300 to 
500-ton chillers.' When the chillers operate over the 50 degree to 63 
degree outside temperature range, they may operate at 1/3 to 172 of 
their -designed ratings. When the chiller is operating under these ' 
conditions, the"nourly energy cost is about $3.50 - $7.50, depending on 
the rate 'schedule, plus demand charges plus fuel adjustment charges plus 
tax. The savings -are obvious. ' " 

The purpose of the workbook is to bring '''the obvious" to your attention. 
This can be readily accomplished by you through filling out the form and 
following the examples -given in the workbook. Yoji will be surprised at 
how many items you will find that will offer you savings. _ 

Some of the -sections of the boo"k will not apply to you.. For example, if 
your facility burns only gas, ignore sections of^he form Which are 
directed towards oil or coal. If your school doe^ not-have a boiler, 
skip that section and so on. Make every effort to thoroughly under- , 
stand your utility billings. .When .in doubt, "do not' hesitate to call -the 
utility sales representative and ask for a full explanation. Tiiey will 
be glad to cooperate. ' f ■ 
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1. MAINTENANCE AND OPERATIONAL CHANGES Page 3 

This chapter is comprised of operational and 
maintenance changes which may be. incorporated at 
essentially no cost. These changes should be 
" implemented first in your energy conservation 
program because they save both energy and cost. ^^ 

STEP-BY- STEP EXAMPLES ) -P^S^ 

'■ " ^ 

^ . Chapter -2 illustrates a few^items which can save ^ 

energy and money. Each it^m is accompanied by a ' 
fill-in-the-blanks problemCso that you can 
determine if.it makes economic sense for your 
school . ■ ' 

To work out the problems, you must first fill out 
the Energy Management Form in the beginning of 
. the chapter. The Energy Management Form will 
^ enable you to examine the energy costs and 

r consumption for your building. — }^ 

ENERGY MEASURES. • page 58 

A more complete list of energy conservation 
measures is contained in Chapte^r 3. These items 
will require an initial investnient of capital in 
order to save energy and money. Although space 
doesn't permit a fill-in-the-blanks sample 
problem for each measure, many of the opportunities 
described in Chapter 3 parallel the worked-out 
samples in Chapter 2. If a new calculation is 
involved, you may need to get technical a§"si stance 
to arrive at the estimated pavings' and payback 
period. 

4. THE ACTION PLAN. ... • ....page 75 

' This chapiter offers' a suggested fol-low-up Action ^ 

' • V Plan to make the energy sayings you have accom-. 

pi i shed both visible and ongoing. A worksheet j ^ /. 
has been inqluded on which you can itemize and ^ 
keep track of the Energy Measures and Maintenance' 
and Operational Changes you have implemented. 
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INTRODUCTION 



r 

This workbook describes some simple methods by which the administra'tor, 
maintenance mariager, or operator of a school can analyze energy uses, 
determine areas in which energy savings can be made, and estimate the, 
magnitude oncosts savings in accordance with U.S. Department of^Energy 
procedures described as "Class C Information Audits^. 

The workbook provides a do-it-yourself, fill-in-the-blanks approach to ^ 
an energy conservation program for schools which do not have full-time 
engineering personnel. Of necessity, itjs a generalized approach v^^rhich 
cannot be as detailed as an energy audit conducted by an engfneering 
team. ' V , 

Although this workbook emphasizes the energy-intensfive processed and 
some of the recognized areas of -energy waste in schoo^^s, it should be 
used selectively because each building has its unique energy-use -patterns 
If a particular suggestion does not apply tcf your school, read on; the 
next one probably will. • 

Start the energy audit of your school by assembling energy consumption 
data for the /last 12 months. Your gas, oil and/or electric bills are ^ a 
good place to start.- If you haven't already summarized your building s 
energy consumption needs, you may wish to use the form in Chapter Z for 
this purpose. Record both price and actual consumption. You can tell a 
lot about your building(s) by examining- the mbflthly records. For example 
if electric usage is lowest during some months, -it may well be that 
usage is a basic minimum including lights and hot water. If oil consump- 
tion goes to zero during July and August, you can be sure that the oil 
is being used only for heating. 

Next, make yourself aware of your schoot-^ geographic location and site 
conditions. Obtain from your library, utility, weather station, or 
State Energy Office the average monthly degree days and the past 
T2^months of degree days for both heating (wititer) and cooling (summer).. 
These climate condit^ns will be useful in many ways, including, identi- 
fying the magnitudes of oil consumption for heating and electricity 
consumption fo^ cooling that your school may need. You^wvll need this 
information to fill out the Energy Management Form in Chapter Z and, . 
subsequently, to work out the problems in that section. 

The next step in your energy audit is to haveJ^our school 's 'description 
hand — the building size, floor plan, general condition^ insulation. 




building plans would answer this need very well. 



Next, list the heating plant, air-conditioning equipment electrical 
equipment and ligiiting fixtures that are cont?olid^^ you! thTschJol 's 
administrator^or manager, rather than by student and staff These 
nder'^LnS'tiS^ t'^'^f f energy users in schoo^ and you|ni wint o 

This completes the -information gathering required for your enerJv audit 

JplrIt[o°n'^rjhanc'i^' '^V'' ' 'r''' ^--p'e^enting'the^Safnt'e'ntce nd 
^Jhnn? =r I ^^^^"965^"^ ^"^^9y Conservation Measures that will make your 
p^m?J. "^"^ efficient as your time, budget, and enthusiasm wil/ 



Chapter 1 will provide suggestions that will enable you, vnttKJutl^ 
.tllZ^l^ Z:,lf°'" ' ^"^'^ efficiency^ MaS^f^Jd 
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MATNTENANCE AND OPERATIONAL CHANGES 



Bv diligently following a maintenance program, a school administrator, 
.0^ mVntlnJce manager'can conserve a substantial quant Uy of energy by 
maintaining the building.at its optimum designed ^ondltions Energy 
saved as a result of 'such a program is obviously dollars saved, since 
little or no capital investment is required. 

To conduct a continuing energy conse/vation/rr- -ance P^OQ^J""' ^ ' 
checklist of itemi to be done on a regular be. ^.lould be set down and 
followed faithfully. This section of the workbook is jn the form of a 
checklist that will aid^in identifying, maintenance and operational 
changes that will result in energy conservation. 

The general energy users in a- School have been categorized ^"^o headings 
such as space heating,~air conditioning, venfilation, etc • Unde.r these 
broad categories the pertinent maintenance ahd operationaT changes have 
been listed. ^ " ^ ■ < 

Several of the items listed have been shown to be particularly app;.:- 
cable to most schools since they resUlt in the quickest energy arc 
do-llar' savings. For reference they are as follows (they will also 
appear in theirrespective functional headings in this chapterj: 

1. Lower the thermostats during the heating season and raise ther 
during 'the cooling season. You^can save about 8% of your 
heating fuel, bill by lowering thfe thermostats a me- -ive 
degrees. 

• 2. Set back the heating season thermostats IQO during the night. 

3. Examine the entire building for air leaks around windows, dears 
and any place that they might occur. ^Seal up the leaks. 

' -4. Remove unnecessarp^^- lights in hallways and classrooms 

5. Lower the domestic hot water to 110°F. 

6. Make the monthly energy consumption and cos>^ data available to 
the administrator and maintenance manager so that they can 
evaluate and compare against previous month^ and normal budget. 

7. Involve the faculty and students in the goals of energy conser- 
vation. 

8. Turn off the cooling system during the night. Use ventilation 
air to cool the building. 

*^??\If there is a pool in the building, turn of f ..the filter and 
heating system at night. 

■ -3 12 ■' ■ 



/ 



After reading through the check list pick up a pencil, put on your 

?^niI"?J^°'^.^"^ ^^^'^^"S ^^^^°"9^^ ^he building Examine She 

•fJ????f!^ -naintenance and operational changes that pertain to your 
JJnl 90 along. Accomplish the items that can be 

done immediate y. then explore the possibility of doing the other steos 

aSn??.Jhi'nr'''.T' °^ advice/ Start incorporating the 

applicable preventative maintenance items into a regular program inmed- 
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' list of' Maintenance AND\OPi B^nQNAL_cHANGIs ^ 



• i 



'A.-f GENERAL- BUILDING ' . 

\ 1. Redii?e the use of heating ^nd c^oo^^jlt ^ystenis in^spaoes^ 
\ are used infrequently or only for short periods of .time. 

. ' 2. Turn off heating 6r celling systems during- the^ last ^alf ;hour 
occupancy. ■ . 

'3: „ Windows or iDutside 'doors, left oVe^l X^n^^ JJers'or'aif°JonS?l'"^ 
seasons represent an energy loss i^^the heaters or aif tondi . 
ti oners are running. Make sut% they are-shut. ^ 

' 4. Make the monthly energy consumption and cost data^avail able Ha 

the school administrator or regio"^^ administrator so that they-7 
can ISaluate and compare against previous months- and normal . 
budget. 

5. Involve building staff with energy conservl^^on measures so that 
each individual has responsibility- 

6. Provide. a temperature control training program for the maintenanc 
crew that will give them a thorough understanding of how the 
heating and ventilating systems were designed to operate. 
Include optimization of energy via temperature control. 

^ 7. 'Conduct a survey of the total building on a space by space basis 
to determine the actual energy neeas. 



- 8. Change the spring, fall and winter day. niW timeclock settings 
to operate heatiSg, ventilation, and cooTftJ9 equipment fewer 
hours on the- day cycle. 

9. Disconnect all refrigerated water fountains if acceptable to 
staff. 

10. Be certain that all operable windows have sealing gaskets and 
cam latches that are in proper working order. 

11. If you have a heated pool in the building, consider turning off 
the heater and„ circulating pumps ^t night, and back on an hour 
before classes" begin. 

12 Establish rules for all building staff regarding opening and 
closing of doors, directing them to keep doors closed whenever 
possible. 



1 ^ 
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13. 

14. 
15. 



' ' ' ^ 

Inspect elec^trical contacts and working parts of relays and 
maintcnn-in good working order-- • 

Caulk around door frames. » ' ' 

^CauTk around window frames/< exterior and interior) 'if cracks are 
evident.. „ ' » - 

Control- the building elec^ic load demand' so that no excessive 
vpeakwill be experienced. - 



17. 




Xlose off unused areas and rooms. Where possible, be certain ' 
that blinds, or other shading devices are drawn, registers 
y closed, etc, . ^ , ' 

' 5e^ ducts and access doors in equipment rooms to minimize ' 
" "passing of hot and cold air. • 

.Schedule operating, maintenance and cleaning to overlap more 
with normal working hours, or when daylight is available and 
sufficient for the task. • 

p^M^n^f maintenance on power distribution 

equipment, so as to assure minimum power loss from loose connect- 
ions and/or contacts. ^unnect 



B. SPACE HEATING - GENERAL 

1. Lower the thermostats during the heating season and raise them 
r^rrLf \^°S^iJ3 S®^^°"* y°^'' building is like most, you 

t w'''^^ ^^^^^'"9 fuel bill by lowering the 

thermos tat (s) a mere five degrees. , ^ 

2. Set all thermostats at 680f or less for winter space heating. 

3. Surfaces of^ radiators, convectors, baseboards, and finned- tube 
heaters must be kept clean for efficient operation. 

4. If you use hot water for heating, reduce .the'space heating hot ^ 
■ needs ^^P^'"^^"'*^ ^^^^ will just satisfy heating 

^* M^^^^fi the heating season thermostats lOOp during the night. 
Up to 6% energy savings are achievable. 

6. Inform teachers and building operators of savings by closing 
drapes,and_sfrades at night. y oiu:,m3 

7. Detgnnine if all installed radiation is really necessary. 
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SHut off (or remove) heating units, from vestibules, lobbies, and 
^ corridors. * ' 

9. Do not heat parking garages. - ^ 

10. Do not heat storage rooms unless it is necessary for protection' 
-of— stored contents. 

11. Inspect oil heaters to ensure that oil temperatures 'are being 
maintained according to manufacturer's or oil suppli^'s; recom- 
mendations. , 4 

12. If you have infrared heaters, check ^o see if the reflectors ar^ 
beamed in the right direction, and the surface is clean. 

' . ^ " \ 

13. Check automatic temperature-control system- and re 1"^ ted control 
valves and accessory equipment to ensurg, that they,, are regulat- 
ing the system properly. \ ' 

■ ' . ■ . . . ■ 'Sv, 

14. If you have a coal-fired system., check stoker(s), gratefs) and 
controls for efficient operation. . ' -* 



SCHOOLS THAT USE BOILERS ?0R SPACE HEATHS 

1. If you use steam only for space heating, shut off boilers in the 
spring. and fall when- the air conditioning system is on and tem- 
perature control is not. needed; 

2. If the boiler has a natural gas stand'ing pilot, turn it off 
during, the summer months when the boiler is off. ' . 

3. If two boilers are used, leave one off during most of the winter 
heating season and perhaps during the entire season if one 
boiler is capable of carrying the entire load under design 
conditions. A single boiler carrying the building space heating 
load will operate at a. higher annual efficiency than two boilers 
dividing the load. 

4. Keep a daily log of pressure, temperature, and other data ob-. 
tain^d from instrumentation. This is the. best method available 
to determi-ne the need for tube and nozzle cleaning, , pressure or 
linkage adjustments, and related measures. Variations from 
normal can be spotted quickly, enabling immediate action to 
avoid serious trouble. On an oil-fired unit,: indications of 
problems include an oil pressure drop, which may indicate a 
plugged strainer, faulty regulator valve, or an air leak in the 
suctioi1^34-ne. An oil temperature drop can indicate a tempera- 
ture control malfunction, or a fouled heating element. On a 
gas-fired unit, a drop in gas pressure can indicate a drop in 
the gas supply pressure, or a malfunctioning. regulator. 



' Observe the fire when the boiler shuts down. If the fire'does 
not cut off immediately, it could indicate a faulty solenoid 
valve. Repair or replace as necessary. • 

'inspect exhaust stacks. They shoul^l -not4»e givtng off .smoke.' 
Jf. they .are smo^y, it probably indicates that a burner adjUst- 
merit is necessary. . ^■ 

/. ■ , - 

Consider elim.tnating a hot standby boiler, since in many cases,, 
a boiler failure will not cause serious hardships. 

Insprect zone shut-off valves. All should be "operable so that 
- steam going into unoccupied spaces may be shut off. , ' 
a: • • ■/ . 

Operapte only the heating water pumps necessary for recjuired 
heating.^ 

Check and repair oil leaks at pump glands/ valves, or relief 
valves. 

" ■• " ' ■• . ' 

Clean mineral or corrosion build-up on gas burners. 

Inspect otl line strainers. Clean or replace if dirty. 

Inspect nozzles of oil-fired units on a regular basis. Clean as 
necessary. 

J 

At the end of the heating season, or when~a rise in the stack. - 
temperature occurs, inspect the fireside of the furnace and 
/water 'tubes for deposits of ' soot, flyash and slag (molten ash). 
'Also .examine the fireside of all boiler insulation refractory, 
:b^ickwork, and casing for hot spots and air leaks. 

Measure with the gas meter the fuel consumption of the boiler on' 
manual vs. automatic firing. During moderate tanperature periods, 
the, manual low fire setting should result in the boiler operating 
longer periods of time at higher efficiency. 

Adjust the boiler so that during the spring and fall it will 
come on line at low fire and stay on low fire until the heating' 
requirement is satisfied. The boiler will cycle less often and 
maintain a higher overall annual efficiency wit^ this procedure." 

Reduce the amount of fresh air admitted to the boiler room in 
w,inter. (Do not choke > boilers', however.)- 



SCHOOLS TftAT ARE ELECTRICALLY HEATED ^ 

1. Kedp heat transfer surfaces of all electric heating imits clean 
and unobstructed. " 

i... 'Keep air movement in and out of the electric units unobstructed. 

3'. Inspect el ectric^ heating elenents, controls and, as applicable, . 
fans, on a periodic basis to ensure proper functioning. 

U Lower the thermostats during .the heating season and raise the 
\ thermostats during the"^coo1 ing" sea'son. y If your building* is like 
most, you can .save about 8%^ of your heating fuel bill by lower-, 
ing the thermostat(s) a mef^ ffve degrees. - . 



AIR CONDITIONirJG SYSTEM CONSERVATION ' , . " 

1. Raise room temperatures seasonally by steps to match the in-: 
creases in outside temperatures. 

2. Shade windows from direct sun from April through October.. 

3. If your central air conditioning syston does not have a hot deck 
or reheat coil, set the thermostat to 780F in the summer. 

4. If the system has a typical arrangement of hot and cold decks, 
have an air c6nditioning technician adjust the^^system to main- 
tain optimum operating conditions. ' . ; 

5. Operate one of multiple compressors and xhil lers at full load, 

' rather than two or more at part load. ^ ^ . . /' ^ 

6. Do not cool building when it is unoccupied. - 

' ... ■: 'jr^. 

7. Operate only those water pumps needed to maintain flow vd^Fume " 
where multiple pumps are installed in parallel. This* would 
apply to chivied water pumps and condenser water pumps. 

8. . Shut off the secondary hot water piflpps located in the air- 

handling unit? during the spring, fall, and* summer when heating 
lis not required. 




9. UseXenetsan blinds or drapery as interior shading devices. 

10. Reduce or eliminate air . leakage from duct work and from around 
coils. 

11. To maintain an efficient system, fans shoi^ld be cleaned annually,. 

12. Operate only the^ chilled water pumps and cooling tower fans 
necessary. * ^ ' ^ ' 




13. Elevate chilled water temperatures when tiumidity conditions 
' permit. ** . - ^ . 

14. 'Check the energy efficiency ratio (EER) of neW air-conditioning 
units. Mast. older units have an EER of ,5 or 6 Btu/watt, while 
newer units are rated at' 9 Btu/watt and higher..; Example: An 
old one->ton unit with an EER of "5 uses 2.4 kW of "electricity 
compared to a new one- ton unit which woqld use only l.-3> kW. 
This represents a 45% reduction in electricity required. for the 
new unit. 

15. Turn on self-contained units, such as window and through- th'e- 
wall units, only when needed. Turn them off when the space is 
to be* unoccupied for several -hours. ■ 

16. Set the demand limiter on the chiller at lowest setting that 
will maintain^ tTie jDuilding temperature, 

17. Inspect equipment for any visual changes such as oil spots on 
connections or on the floor under equipment. 

18. Consult with manufacturer to determine if cooling equipment can 

, be shut dowii when outside temperatures .are below, certain levels. 

19. Establish what the normal operating" pressures arid temperatures 
for the system should be. Check all instrumentation frequently 
to ensure that design conditions are being met. Increased " 
system pressure may be due to dirty condensers, which will 
decrease system's efficiency. --High discharge temperatures are 
often caused by defective or broken compressor Valves. 

20. Reduce hot deck temperatures, and increase cold deck .Mmpera- 
tures as far as humidity requirements will allow. While this 
will lower energy consumption, it also will reduce the system's 
heating and cooli^ig capabilities as compared to current capa- 
bilities. ■ . ^ 

L.- Inspect the liquid line leaving the strainer, " If it feels 

cooler than the liquid line entering the strainer, the strainer 
is clogged. If it is very clogged, sweat or frost may be visi- 
ble at the strainer outlet. Clean as required. 

:. Inspect tension and alignment of all belts and adjust as neces- 
/ sary. • . . _ _ 

Observe the ndi^e made' by the compressor. If it seems to be ex- 
cessively noisy, it may be. a sign of a loose drive coupling or 
excessive vibration. Tighten compressor and motor on the base. 
If noise persists, call a mechanic* 

.■ Where applicable, lubricate motor. bearings and. all moving parts 
, according to the manufactu**er 's recommendations. 



^5. Keep condenser coil ftice" clean to p'ermtt proper air flow. 

26. -Inspect air/ inlet screen, spray nozzle or water distribution 
holes, and ^Ump. screen." Clean as necessary. 

•27. Follow manufacturer's guidelines for fefn and pump maintenance. • 

28. Clean condenser sfiell-and tubes by swabbing with a suitable 
brush and flushing out with clean water. Chemical cleaning also 

" 15 .possible, although it is suggested that a water treatment 
company Be consulted first. 

29. Perform tests to determine if solid concentrations are being 
maintained, at an acceptable level in cooling tower. . 

30. Keep- the cooling tower clean to minimize both air and water 
-^essiire drop. . * 

/Inspect spray-filled toWfers or distributed towers' for proper 
. nozzle performance. Clean nozzles as necessary. 

32. Inspect gravity distributed tower for even water depth in dis- 
tribution feastns. 

33. Clean evaporator and condenser coils in -window 'units. 

34. Maintain all equipment to operate as clo%e as possible to its 
originally designed conditions. 

35. Chec-k voltage^ Fiill-power voltage is essential for proper 
operation.^ 



VENTILATION V ; , 

1. ^^t a small- sign next to each operable window instructing 
students and staff not to. open window while the building is 
being .'heated or cooled. > .- 

2. Operate the ventilation system only when the school is occupied.. 
Also consider shutting off the air-handling units on normal 
heating days before school is out. If the radiators are located 
properly, they should be able to maintain space temperature above 
freezing. v ' 

3. Do not operate the; ventilation units at all during the spring • 
and fall if many of th,e windows in the classrooms are open 
during this time of the year. 



4. Operate the gym outride air ventilation unit on a reduced 
operating schedule that coincides with occupancy of the gym.' 

^ The gym fan- unit .should not be turned on until the first><:lass 
, occupies the gym and should be turned off immedi a tel^r -rafter 
the class leaves in the afternoon. / * 

5. k. Inspect a1\' automatic door closers to ensure' that they are func- 
\ tioning properly. Consider ad^stment to enabje faster closing. 

6. Palace a small sign next to each door Teading to the exteribr or 
unconditioned spaces advising students and -staff to keep door 

' closed at all times when not in use. , * 



. 7. In \he summer when the outdoor air temperature at night is lower 
than indoor temperature, use full outdoor ai< ventilation to - 
remove excess heat and pre- cool the s true tur;ji to reduce air- 
conditioning load: ' . 

,8. Readjust fresh aar limit controllers from winter to sunmer 
' earlier than the middle of May. V 

9. Check size and speed of exhaust fans and limit to actual needs. 

10. Consider turning off electric reheat coils during the summer. 
With incr;eased supply air temperature, reheat my not be neces- 
sary. • , }' 

"11. Clean debris<from unit ventilators-ie-^peWnit\ore' efficient 
operation. , 

'■ ■ ' ' ' \ ^ ■ 

12. Clean the filters more often to increase the overall efficiency . 
-Of. the air handling units. - , . * " 

13. - Inspect filters carefully. . If- necessary, create a filter re- 

placement schedule. .Utilize- high-efficiency, low-co^t filters. 

14. ^Consider closing outside air dampers during the first and last 
., hours of occupancy and during peak loads. 

15. Turn off humidifiers whenever a building is closed for extended 
periods of time, except when process and equipment requirements 
take precedence. . 

16. In mild weather, lower the cooling efffect by running room cool- 
ing fans at lower Speeds. " ; . 

17. Inspect damper blades and' tinkages. Clean, oiL, and ajjtrst them 
on a regular basis. . ; 

18. Reduce. outdQor>air to the minimum acceptable level reqCiired to 
balance the exhaust requirements"and -maintain a slight positive 
pcfissure to retard infiltration of outside air. 



19. -; Adjust outside air, return air, and mixed air damper controls in 

J winter to raise supply air temperature -to. a level between 640F . 
and 70OF, depending on the conditions, i-n the area served by the 
system. "^i;^ 

20. - EstaW4sh a ventilation operation Schedule so e^aust system 
^ operates only when it is needed. ■ \ ^ 

^- - ■ 

21. Adjust all VAV (variable air volume) 'boxes so they operate • 
precisely. This will prevent overheating or overcooking, both 
of which waste energy. 

22. If practical, operate the ventilation units with no outside air 
wheneve^r the outside temperature "is 25°F or below. There may be 

* sufficient fresh air leakage through the dampers to provide ade- 
,ciuate ventilation. 

23. Discontinue outside air preheattng where practical. 



LIGHTING . . - 

1. Acquire energy conservation reminders such as posters and. indi- 
vidual decals that/can be located next to the light switches and 
on bulletin boards*' to alert staff that turning 'off lights is 
their responsibility. ■ • 

2. Shut off lights in unoccupied rooms. Switch on large area 
Jights by sections when cleaning. 

3. • Move desks, and other work surfaces<to a position and orientation 

that will use installed lighting fi^t^^res to their greatest ad- 
vantage (instead 6f moving light fix%res). 

4. Jo the extent permitted by productivity requirements and related 
concerns, group together tasks which require approximately the 
same levels of lighting- This may reduce" the number of areas 
requiring higher illumination levels and provide an opportunity 
to reduce the total amount of lighting needed. 

5. In overlighted areas, light levels can be redu^d up to 50%. In 
' rooms or areas fitted with 2-bulb fluorescent fixtures, remove 

* one bulb from each fixture if they are not wired in series. 
Disconnect- ballast if possible- Consider dual bulb removal from 
alterna'te fixtures if they are' wired in series, This will- save 
energy and produce a uniform lighting level. 

6. Leavie the hallway lighting off in those hallways facing the in- 
terior courtyards during daylight hours, assuming a light meter 

• ^reading indicates the lighting level is satisfactory. 



* ^ - ■ - . ■ 

7. Etimtnate ^teriorOighting except where lighting is to be used 
• for the purpose of identifying the building entrances and/or for 

4^curity. ^ ' . ^ 

8. Lamps should be wiped jclean at regular intervals to" assure 
maxTmum efficiency. Lamps which are exposed to an atmosphere / 
•with substantial amounts of dirt, dust, grease,. or other con- / 
taininants should be cleaned more frequs'htly than lamps in a 

- relatively clean atmosph^e. 

9. 'Clean ceilings s walls, and floors frequently to improve re- 
flective qualities. In rooms or areas where natural daylight is 
used to maintain light levels, wash the windows frequently. 

10. Consider initiating a training jirog ram to orient the gym instruc- 
tors and the students in the proper operation of gym lighting so 
that no more than 50% to 75% of the lights are on at any one time 
when the gym is occupied, provided switching* is available.* 

11. Campaign for better lighting utilization by using letters, 
memos, signage, and personal contact to encourage staff — 
especially custodial personnel — to use lighting only when it 

- IS needed, to use only 4:he amount of lighting required, and to 
turn off lights whenever they are not being used. 

12. If you have a computer room, consider reducing computer area 
light levels, as, the room may be too bright. 



H. DOMESTIC HOT. WATER , 

■ >, ■ \ ■ , 

1. Remove or turn off domestic hot -water to boiler rooms and other 
spaces that cou-ld function without hot water. ^ ' 

2. Operate only one of the domestic hot water heate/s. Lf one unit 
carries the load, leave the other of f .for standby. 

3. Reduce the hot. water temperature to the minimum. Because of -the 
long lengths of hot water piping, it may not be entirely feasible 
to lower the temperature to llO^'F because of pipe heat losses. 

. ^'The way to proceed is to lower the hot water temperature in- 
crementally, say 50F each week. Continue doing so until the 
students start to complain. With the first complaint, raise the 
temperature 50F to that of the previous week when no one com- 
plained. This will represent practical minimum temperature for 
the hot water system. Realize that when reducing the hot water 
temperature, the capacity of the tank. is an important factor. 

4. If you have an electric domestic water heater, consider limiting 
the duty cycle to avoid adding water heating load to the build- 
ing during periods of peak electrical demand. 
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^ 5.\^ hot water is "distributed through forced circulation,^ turn off 
^The pump supplying areas when they are ui^ccupied. / 

. I . SCH OOLS WITH 'KITCHENS ' 

1. Cook with lids^n place on pots and kettles. It can cut heat- 
requir^ements in ^alf» *■ ' . ^ 

2. Turn off infrared food warmeris when no food is being warmed- r 

3. Thaw frozen foods in Refrigerated compartments. 

4. Train employees to conserve hot water. Supervise^ their perform- 
ance and provide additional instruction and supervision as 
necessary. 

5. Preheat,oyens only for baked goods. Discourage chefs from pre- 
heating any sooner than necessary. 

* 

6. Inspect refrigeration condensers routinely to ensure that they 
have .sufficient air circulation and that dust is cleaned off 
coils. ■ 

7. Walk-in or reach-in refrigerated area doors without automatic 
- closers or- tight gaskets should be inspected and repaired- 

8. Ke^p r^rigerati on coils free of frost build-up- 

9. C]e|n and maintain refrigeration on water chillers and cold 
df.t-f)k dispensers. 

10^. Reduce temperature or turn off frying tables and coffee urns 
i-^^^urihg off-peak periods. 

11. Run the dishwasher only when it is full. 

12. Fans that cool worker should be directed so they do not cool 
cooking equipment. 

13. Provide ovens, fryers, and , washers with loads all of . the time 
they are heated and. on. An oven not baking 1 hour put of 7 is 
an oven wasting 14% of its energy. 

14i If a food preparation area exhaust hood is oversized, adjust it 
so no more afr than necessary is exhausted. This can be done 
easily by blocking off a portion of the hood, or reducing fan 
speed, or lowering hood, or by utilizing a combination of these 
techniques in compliance with applicable health r-egulations. 
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■■ CHAPTER 2 ^ 
STEP-BY-STEP EXAMPLES 



Now that you have examined and implemented the pertinent no-cost main- 
tenance and operational changes in Chapter 1, you need to work your way 
through the energy and dollar "effects of various energy conservation 
measures which apply to your school. A priority system must be developed 
to decide H(hich measures to invest in first. , Calculating the simple 
payback period of the suggested measures is an excellent way of es- 
. tablishing such a priorjty" system. 

In order to be cost effective, an energy conservation measure should 
return its initial cost by the savings it creates. To calculate the 
simple payback period, the initial cost of the measure in dollars is 
divided by the annual savings using today's prices. By ranking the 
measures in order of shortest to longest payback perfod, 6ne can develop 
a priority system. J 

The problems in this chapter are designed to illustrate the method for 
calculating the energy savings and* payback period for several enerqv 
conservation measures. 

It is unlikely that your particular circumstances are identical 'to any 
of these samples, but it is very likely that the pattern of problem 
solving will enable you to quantify your Measures in an adequate and 
satisfying manner. ^ 

Before working out the step-by-step examples, you will need to complete 
the Energy Management Form. The directions, for filling out the form are 
described on the following pages". It may be convenient to have your 
accounting or billing department or the regional administrative office 
fill in the necessary data. But, if all the necessary utility bills are 
available to you, it shouldn't take.more than a few hours to fill out ' 
the entire form. 

After the form is completed you will -have all the energy cost data 
needed^ to work out the step-bv-step examples. In some problems, a new 
installation rate must be obtained by calling a contractor for a price 
quote. Or. you may have to make- a few simple measurements pertaining to 
the general operation of the school-. . ^ ■ 

In each>roblem. the section for you to fill out is on the left-hand 
side of the page and a worked out example problem -of a typical school is on 
the right. In each case, the boxes coincide with an underlined number 
in the example prob-1 em. 
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ENERGY MANAGEMENT FORM 



Enclosed In thjs Chapter is a fold-out Energy Management Form. tThe data 
ffom the form will be used in this section of the manual to calculate 
the payback period for several of the recommended energy conservation 
measures illustrated. If you already haVe a similar energy. bookkeeping 
system, you may wish to -modify it to be consistent with the enclosed .. 
form. The main objective is to.arrive at a common unit cost of each, 
type of energy used in dollars per million Btu ($/MMBtu). Use your 
bills of last. year or the last 12 months to fill in the form now. 

"To make it easy to u§e you may wish to remove it. The form is intended 
to be an aid for establishing a continuing energy bookkeeping procedure 

. for your facility. If it is filled out each month, the- manager' or adminis 
trator of the school can get a sense of monthly and..yearly energy consump- 
tion and cost. It can also be used as a base to evaluate energy savings 
that result from energy conservation measures. „ 



I. NECESSARY DATA FOR FILLING IN THE ENERGY MANAGEMENT FORM 
A. ELECTRICITY: The monthly electric bills for one full year. 



B. FUEL OIL: 

1. To calculate the monthly consumption you 'will need the amount of 
fuel oil in the tank in the beginning and the end of the month 
and the quantity in gallons of each delivery made during that 
month K 

2. The price per gallon of the oil in dollars per gallon; 

3. The type of fuel oil yjbu use - #2, #4, #5 or #6 oil. 

C. NATURAL GAS: 

1. The monthly bills for the same full year.; 

2. The heat content (the number of Btu per cubic foot) of the gas 
if available. If it is not available, use 1030 Btu per cubic 
foot. i? 



D. STEAM: If you purchase steam, you will need the monthly bills for 
the same full year, the quantity used and the heat content of the 
steam for each pound or cubic foot purchased. - , - 

E. If you use any other type of fuel (coal, wood, etc.), you will need 
the monthly consumption, the cost per unit, and the heat content of 
the fuel per unit. . ■ 

O . 17 -. ' 



F. From your local utility, weather station, or library, or State 
Energy affice, obtain the monthly total heating degree days' and 
cooling degree days for your area during the same year. The daily 
-heating degree day figure equals the number of degrees the mean 
tempef-<flture has fallen below 650F. The dai\ly cooling degree day 
figure equals the number of degrees the mean temperature has risen 
above 65"F. 



II.- FILtING IN THE FORM " 

A. Enter the monthly, heating degree days in column 2 and the monthly 
cooling degree days in column 3. - • 

B. ELECTRICITY - CONSUMPTION AND COST: 

1. ?Ror each monthly electric bill or .for each month covered by the 
-pfajority of the billing period:* 

enter in column 4 the total number of kWh used used during 
'\ the month; ■ ■ 

b. ^f^nter^in_ column 5 the t6tal cost, for the month that appears 

c. to calculate column 6, the cost per kilowatt hour 
(kWh), divide column 5 by column. 4; 

d. to calculate the cost per million Btu ($/MMBtu) 
multiply column 6 by 293 and enter this in column 7. 

2. After completing each month, calculate the4nnual totals 
and averages, 

a. sum column 4 and enter at the bottom of the column; 

b. sum column 5 and enter at the bottom of the column; 

c. divide the. sum of column 5 by the sum of column 4 and enter 
in annual average at the bottom of column 6; 

d. multiply the annual average of column 6 by 293 and enter at 
the bottom of column 7. 



^?Ti\ ^^^^^l]l"g period may vary from 25 to ,,40 days. If so, you 
will have to adjust it to be consistent with the other types of 
nuS ^^^^"J^te ^he kWh per -day and multiply by the 

number of days in the month or period you are using for oil and gas 
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OIL -.CONSUMPTION AND COST: 

1. Entet in column 8 the oil consumption in gallons for each 
mdnth. 

2. Enter the price per gallon in coTumn 9 in dollcirs per galb^' 
For example, if it is 35i per gallon, enter .35. 

iy 

3. Calculate the total per month and enter in column 10. Mul^iP 
column 9 by column 8. 

4. To calculate the cost p»r million Btu (column ,11), divide cO 
9 by the conversion factor for your fuel listed as follows: 

^ , ' ■ - "t 

No. . 2 oil - divide by .139 MMBtli/gal. 

' ' No. 4 oil - divide by >,150 MMBtu/gal. 

• . No. 5 oil - divide by .152 MMBtu/gal. 

No;. 6 oil - divide by .153 MMBtu/gal. 

5. Calculate the annual total and averages: 

a. sum column 8; 

b. sum column 10; - : . . 

' c. divide b. by a. and enter at the bottom of column 9; 
-' • . *-==i: ■ < " ' ^h^ 

" d. divided, by conversion factor above (C4.) and enter at 
bottom of column U. , 

NATURAL GAS - CONSUMPTION AND COST:; 

1. Enter in column 12 the consumption for each month w lOOO 
feet (MCF). 'If your bill is not in MCF, use the followinS 
formulas to convert: ' 

a. if thejjill is in CCF {100 cubic feet) divide the totM . 
.10: • . 

C CF i 10 =_ MCF; . 

b. if the bill is in.CF (cubic feet) d-;vide the total by 10 

CF i 1000 = MCF; 



V ,c. if the^ill is in therms, divide the tota.l by H).30:*> 

- .therms i 10.30 = MCF. 

2. . Enter the total cost for each month in column 13. 

3. To calculate column 14, the cost per MCF, divide column 13 bv 
column 12. ^ 

4. To calculate column 15, the cost per million Btu". divide column 
14 by 1.030. Or, if you know the heat content** of your parti- 
cular gas: column 14 * heat content per cubic foot 1000 = 
column 15. ( 



5. .Calculate the annual totals and averages: «• 

a. sum column 12; 

♦ 

b. sum column' 13; • ' " 

c. divide b. by a. and enter in the bottom of column. 14; 

d. calculate the average of column 15 by using one of the 
following: 

divide c.^above by 1.030 . 
' ■ ■ . . -or , ■ • 

. - - divide c. above by the heat content per cubic 
foot and multiply by 1000. . ' 

If you use any other type of fuel or energy, use the same basic 
rSI?"?"^ 9°^^ °^ arriving at the tost per million Btu 

fuel "^^ *° "P^^ separate sheet for other types of 

rn]n!° ^"\*5^ monthly total energy cost. Sum the monthly total 
^^P® ®^ ^^^^y "sed. For example, if you used el ec- 
S[as in February, add the entries in column 5. 
column 10, and coluinn 13 and enter the sum in column 20. 

After each month has been completed, sum, up column 20 to calculate 
the energy cost for the year. Enter the total at the bottom of ' 
*-oiumn ^0. 

This figure is based on the 1977 national average of 1030 Btu per 

inon heat content of your gas, such 

as 1020. adjust accordingly, i.e'., 10.20. 

cubiVfpofof'gas^ amount of energy supplied by .the gas in Btu per 
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• Or coqarjble titt period ELECTRICITY » 3412 Btu/IMi OIL: J2 > .139 fWTU/gal ' ' HCf ■ 1000 cubic fMt of 9aJ 

^ GAS 'HQOBWCF M « .150 MTU/gal MTU • one nillion Btu 

X ft • .152 IMTU/gjl 

\ K • .153 IM1U/9»1 



The foTl awing abbreviations are used in the problems: 



•■ MMBtu 


= One MiUion-Btu 


' MCF 


> = 1,000 Cubic Feet 


kWh 


= Kilo Watt Hours V 


yr 


= years 


hr 


• = hours 


mo 


= -months* 




= dollars 


gal 


= gallons 


. ft 


= feet / 


in 


= inches 




= degrees Fahrenheit 


. CFM 


' . = cubic feet per minute 



Btu/hr-lO ft = Btu per hour per 10 feet of pipe 
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PROBLEM NUMBER 1 



Remove unnecessary lamps or fixture.. However, -do not 
jemove fluorescent lamps without disconnecting the ballasts. 

-• ■ \ 

A) DATA NEEDED -FoV CALCULATIONS 

1) Count the number of'lights that you feel can be removed 

bulbs - 



in the hallways or classrooms t 



watts/bulb 



2) From the Energy Management Form obtain the average cost of 
electricity ($/kWh) « , ' 



(Average of column 6) 



$/kWh 



3) The number of hours per da y the lights are on: 

' M hr/day 

4) The number of day^er yea r the store i s -open: • . 

f l ■ I days/yr 



B) CALCULATIONS 

t 

1) T he energy sav ed with lighti removed: 
bulbs X 



hr/day = 



watti/bulbr; 
watt-hr/day 



2) Energy sived 


per year: 






watt-hr/day x 





♦ 1000 watt-hr/kWh 



day/yr 



kWh/yr savings 



3) Costjavedjer year. 

I kWh/yr savings x 



$/kWh 



$/yr savings ' 



Payback is iniiiediate unless there is a.charge to remove 
the bulbs. 



EXAMPLE PROBLEM 



50 bulbs X 75 watts/bulb ' 
X 10 hr/day = 37,500 watt-hr/da* 



37,500 watt-hr/day x 260 days/yr 
-- 9750 kWh/yr savings , 



9750 kWh/yr savings x .04 $/kMh 
= 390 $/yr savings 



PROBLEM NUMBER 2 
■ Connect" all of the manual day-night control switfches to 
tiineclocks so that the night set-back temperatures can be achieved 
even if inadvertently left on "day." 

A.) DATA NEEDED FOR THE CALCULATIONS 

1. ) The amount of energy used which is related to heating only 

is determined from the following curve showing the total 
energy usage over a full year. 

2. ) The values of Milliqn Btu's per month which are use'd in 

plotting the curve are arrived at by taking the monthly 
usage figures from cithe Energy Management Form, Column 4, 8, 
12 or 16 depending on the type of fuel being used. To 
convert these quantities'" into Btu's the following factors 
are to be used: 
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Licctricity 



1 kilowatt-hour = 3412 Btu'.s 



No. 2 Fuel Oil - .1 gallon 

No." 4 Fuel Oil - 1* gallon 

No.. 5 Fuel Oil - 1 gallon 

No. 6 Fuel Oil 1 gallon 



= 0.139 Million B'tu's 
= 0.150 Millipr Btu's 
= 0.152 Min>o,n Btu's 
= 0.153 Millron Btu's 



Natural Gas Use the higher heating^\^lue (HHV) of 
■ the gas if shown on the bill! If not, 
use the standard conversion factor of ' 



1000 cubic feet = 1.030 Million Btu's 



3.) The total annual energy consumption is: (Taken from the 
, Energy ^Management Form as in 2 above using the bottom .1 ine * 
figureTor the type of fuel being used. 'iJfis is the total 
energy amount represented by the curve. ) ^ 

Mill ion Btu/yr ' ' 



J: 
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4900 Million Btu/yr 
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4. ) Plot an energy consumption profile fpr your heating energy. 

Use the example curve Figure 2-1 as a guide. Plot each monthly 
consumption value in Million Btu against each month on the 
horizontal axis-. Draw a smooth curve through the points. You 
should end up with a curve somewhat similar in shape to Figure 
2-1. There should be an increase during the winter months, with 
a- leveling off period during the summer. 

5. ) From this curve the "base load" can be established. The base 

load is energy that is not used for space heating. The base load 
is picked -off by drawing a hor;i2ontal line between the average 
low points in the-curve (as, shown in the example). Above this 

. s 

line is the heating onl;^ load and. below it is the base load. 
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ENERGY USE PROFILE OVER ONE YEAR 




FUEL ENERGY USE OVER ONE YEAR. . 



FIGURE 2-1 



EXAMPLE OF AN ENERGY USE PROFILE OVER ONE YEAR 
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6.) From the energy curve it will be noted that 100 Million 
Btu/mo ,is used whether the heating system is operating or 
noK, Thus thjfe base load is: 
Million Btu/mo x 



EXAMPLE PROBLEM 



mo 



Million Btu/yr 



7.) The total number of heating degree days per year is: 



100 Million Btu/mo x"12>mo 
= 1200 Million Btu/yr 



degree days, ' 



(Fr^m Energy Management Form, Column 2) 

8-.) The .cost of energy is . taken from the Energy Management Fonn, 
Columns 7, 11, 15 or 19, depending on the type of fuel used: 

$/Minion Btu (annual average) 



456q degree days 



9.|' The cost figure for a timeclock control switch obtained 

■ r-i -1 

from a supplier is: - $ 



3,10 $/Million Btu 



• 45.00 $ 
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B.l CALCOIATIONS , 

1.J From the total consumption we subtract the base load to 



NHBtu/yr - ■ 






MMBti^/yr 



MMBtu/yr 



•.2.) The heating load per degree day is: 





MMBtu/yr 




Degree aays/yr 



Degree day 



3.) If a normal set-back is * 

we forget- to set the thermostat back- for 

, 

then we will use 



degrees and 



.days X 



3tu 



d_eg!^ee days/day x 
hr. set-back x 



E#LE«lEM 



24 hr/day 



Degree day 



HMBtuJor^ 

■ V 



than if we had set back the thermostats. 



»/yr - 1200 MMBtu/yr ' ■ 
^ ^HHBtu/yr 



^^^^fee^ays/dayx 

"',,ys x I2.hr set-back X ■ 
l/^ 24; hr/day 



Degree day 



4.) The value of these extra Btu's is found as follows: 

$/MMBtuX 



MMBtu/yr 



$ for the two days we forgot to set back, the 



thennostat. 



5.) The payback time is: 







t 


1 





yrs 



>. ■ 



i2 



EXAMPLE PROBLEM 



3.10 i/HMBtu X 8.114 l>|MBtu/yr 



= 25.15$ 



IUi"$/yr 



=1.79 yrs 




6.) If we forget to turn back for , davs, the 


10 days 
' LZ2 yri xi_days 


payback becomes 


yrs X 


days 






_aays 

■ ■ ■ ■ '^J 

■■■■ ■ ■ >\ ' '■ , ' ■ . . 


iO days • 

' = ' Jiyrs \ ■ 


• 


yrs ' 

1 ' 

VI 

\ 
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PROBLEM NUMBER 3 



r. 



Replace old, inefficient burners with new efficient -ones. 
f\) DATA NEEDED FOR THE CALCULATIONS : 
1) From theinergy Management Form the burner is now 
consuming how many gallons of fuel per Jear?: 



EXAMPLE PROBLEM 



gal/yr 



2) Jhe cost, of the fuel oil from the Energy Management Form: 
(column^ 9) '^^ 

;$/gai, 



3)'*The :effi(:i'ency of the burlier 'being used now is r. 
^ (From the results of a test by ^ technician) \ 



4) The efficiency of a new burner A^ould be: 
(From design conditions quoted' by contractor) 



5) The cost of the new efficient burner: 



25,000 ^al/yr 



.44,$/gal 




ft- 



.60 



.75 



1600 $ 



B) CALCULATIONS : 
1) The fuel savings. with the more efficient burner: 

gal/yr 



gal /yr savings 
2) Cost savings "per year: 

gal/yr saved x 



Vyr sa^ngs 



.*3). Payback Period: ■ ' 



$ cost of new burner 
■ $/yr savings 



$/gal 



PROBLEM NUMBER 4 
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Reduce power input to fan1)y decreasing air volume. Whenever 
heating and cooling loads are lowered, air volume requirement 
decreases resulting in fan energy savings'^ Air volume can be 
controlled by changing speed of fan.' 



A) DATA NEEDED FOR CALCULATIONS. 



1) School has 



pupils 



2) Present ventilation rate 

(From- design specifications) 

3) Minimum ventilation rate is; 
(From local codes- and regulations! 

4) Power requirement to operate fan 



) 



CFM/pupil 
hp at the 



designated load from the fan name plate 
5) Number of days per year ventilation system is in 

days/yr 



operation is 



6) The cost of electricity is 



$/MMBtu 



cr 



EXAMPLE PROBLEM 



500 pupils 



mCFM/pupil 
J_p™/Pupil 



7.5 hp 



185 days/yr 
12.50 $/MMBtu 



( 



^ 



(From the Energy Hanagement Fonn, col. 7) 



7) Obtain- cost of new motor from supplier 



B) CAlCULATIdlS 



dollars 



1) Fan is providing a total of 



pupils in school = 



CFM/Pupil 
CFH 



2) Requ ired venti lation by code: 
'^Ic FH/puKl 



pupils in school 



CFH 



3) New power requirement: 



4) Energy: consumption at present rate of ventilation is: 



hp X 2547 Jtux 
hp-hr 



hrs X 1 



day 1,000,000. 



days 
yr 



MMBtu/yr' 



EXAMPLE PROBLEM 



$250 



lOCFM/pupil 

X 500 pupiTs = 5000 CFM 



6 CFM/pupil X. 500 pupils 
= imCFH 



New ventilation rate 




\fh X 


Present .ventilation rate 








hp = 




hp 





_7.5 hp>1.5 hp 



7^ hp X 2541 Btu X M days 
f-hf yr' 

x7hrsx 1 • : fe =MJ HHBtu/yr 
■"day Tmm ' ' ' 



5) Energy consumption at new rate of ventilation fs: 



.hp of new motor x 2547 Btu x 
' . . hp - hr 



days X 



WIBtu/yr 



1 



hrs X 

day 1,000,800 



6) Energy savings are; 



MMbi/yr - 



WlBtu/yr 



MMBtu/yr 



7) Cost of electricity save d is: 

•<-r~ 



fWBtu/yr x 



$/MMBtu 



$/yr 



8) Payback period is: 



cost = 




$ 


. savings 




$/yr 





PROBLEM NUMBER S 

In the previous problei^ we considered reduction in electricity 
only as a result of lowering the ventilation air quantity. Here 
tie will consider heat saved by the same operation change. In fact, 
xith savings occur together, but for simplicity, we are looking at 
them one at a time. 
\) DATA NEEDED FOR CALCULATIONS » 

1) The degree days per season are 
(From Energy Management Form, Col. 2) 

2) The number of d'ajs in the school year , the systan is in 

operation: 



EXAMPL£ PROBLEM 



days 



3) From problem number 4: 
Present air flow is 5000 CFM 
'Modified air flow is 3000 CFM 



4) Hours of use per day are\ 



hrs/^lay 



4560 d egree, days 



240 days 



7_hrs/day 



i 



5) The average building temperature is 



'F 



6) The cos.t of energy is:, (From Energy Management Form, annual 
■ average of column 7, 11, 15, or 19) . " ' 

S/Million Btu 



7) Obtain efficiency reading :oh heating equipment 'from fuel 
supplier. If not available on the following values: 
- For electrical unU - 1.00 
For fuel oil burner - 0.65 i- 



For natural ^as burner - 0.80 



efficiency 



J) The cost of modification obtained from a contractor is: 



r 



\ 



50 



EXAMPLE PROBLEM 



70° F 



2,78 $/Million Btu 



.80 efficiency 



$600 



B) CALCULATIONS 
1) Air flow saved is! 





CFM- 




CFM = 





EXAMPLE PROBLEM 



CFM 



2) 




deqree days 






days/season 



average below 65*F 

3). Average heating season temperature is: 65° 

op ■ ; . 



4) fl wrage ■'» feire ^d1f.fereKe b efaeenjndootgjm outdoors: 




5) The lieat saved Is: 1.08 x 

CFM X 



'Fx 



hr /day 



day^/season 
Btu/season 



51 



5000 GFM - 3000 CFM = 2000 CFM 
tSfifl'tjeqree da ys = 19<¥ 



65V- 19^F = 
4rF 



0 V 



7£F-£°F = 29°F 

1.08 x 29°Fx 

2000 CFM X 7 hrs/day x 

]85 days/season 

= 81,118,800 Btu/season 




Btu X 



$/season 



7) 'Payback is cost. 





%imm Btu 




Efficiency 



savings 



■JTyT 



yrs 



. EXAMPLE PROBLEM 



ai. 118,800 Btu X 13. jj/Miiy on Btu- 
^ 1,000,000 . ■ 

= 282 $/season 



$6QQ =2J_yrs 

2S2 i/y^*" 



PRDBLEM NUMBER 6 • . 

Install key-lock plastic covers over thermostats to prevent 
building occupants from adjusting settings. 

A) DATA NEEDED FOR TH^CAlLlATIQNS ' . • . , 

-1)^ Referring to Problem Number 2, the heating load is' 



^Btu 



degree day 



.*2') If the thermostat in one, room out of 



turned up 



rooms is 



3) Qbtaircos t !>! prote cttve. cover from supplier. 

$ each 



.4) The cQsfof energy is:,(On Energy Management Form,, annual aver- 
age of column 7, 11, 15; or .19 depending on the type of \ 
fuel used.)* . ' 



■ f 



B) CALCULATIONS 

1) Extra heat per season per .room is: 

rise in temperature Xj- 

day, on day settings x / 

■MMBtu 



days X' 
season 



1 



total rooms = 



2) Cost savings: 



Season 

$/season savings 



3) Payback Period: 



years. 



degree day 
MMBtu 



season 



$/MMB'tu 





$cost 


14.00 $ cost 




$/ season savings 


^ 22^63 $'/season savings 


/ 

/ . ^ 


c 


= .62 years 

■'1: 


i * 


■ i 





EXAMPLE PROBLEM \ 



rise X ' 

< 

1/2 day X 

MM. X JVUMMBtu. 
season degree day 



20 rooms 



= 7^ MBtu' 
season 



7.3 HHBtu X 3L10 ^/miu 
season 

= 22.6 $/se^son savings 
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PgQBLEM NUMBER 7 

> ' ■ 

Check the efficiency of the boiler(s). A'percent loss of boiler 
efficiency is a percent loss of energy and dollars. It is generally 
worth any cost incurred to optimize the boiler operation. It is a 
good first step to reduce the excess air until smoke or emission 
violations ^occur. For instance, if the flue gas temperature is WF 
and excess air is changed from 100% to 50% an efficiency of 2.S% is 
immediately achieved. 

■ • ■'^ * 

The efficiency gain is observed clearly on Figure 2-2. The 
efficiency at 100 percent excess air is found at point A to be less 
than 82 percent and at 50 percent eicess air to.be greater tha?r8^ 
at point B'. Figures 2-2, 2-3, and .1-4 provide easy evaluations oKthe 
efficiency changes with changes in other variables. 

The savings in fuel is related to the change in efficiency:. 

New Efficiency -.Old Efficiency x fuel consumption. 
New Efficiency ' • . 

* 

In the above example if the "oil consumpt^"jn was 2^0C gallons per year 
at 82 percent efficiency with the increase in efficisnc/^o 84 percent 
the fuel savings would be: • n 



■ (.84 - .82) x 25000 gal 'year = 595 gal/year " 

* . .^4 ■ 

If oil cost 46 cents per gallon, the cost savings would bs: 

' 595 gal/year X .46 $/gal = 2: 3. dollars per year, 



.■ . *^ ■ 



4 
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FIGURE 2-2 COMBUSTION EFFICIENCY vs PERCENT CQ^ OR EXCESS AIR-FUEL OIL (GRADES 2-6) 

PERCENT CO2 IN FLUE GAS 




FIGURE 2-3 COMBUSTION EFFICIENCY vs PERCENT CO^ OR EXCESS AIR-NATURAL GAS 
. , PERCENT CO2 IN FLUE GAS . 



4' 
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^ COMBUSTION EFFICIENCY PERCENT 
(EXCLUDES RADIATION LOSSES AND UNBURNED FUEL) 



57 



m 
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z 
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FIGURE 2-4 COfeuSTION EFFICIENCY vs PERCENT CO2 or EXCESS AIR-BITUMINOUS COAL 




'ROBLEM NUMBER 8 . 

Ise photocells for turning on exterior lights.^ Use time clocks 
or turning off the exterior lights in the parking lot. 

A,) DATA NEEDED FOR CALCULATION: 



1. ) The number of exterior lights: 

2. ) The number of watts. peV bulb: 
3) Therefore, the total watts: 



4.) The timer is now set 

to turn the lights on at: 



5.) The lights are now set to turn 



off at: 



PM 



6.)'The nuinber of hours per day the 
. lights are turned on: . 



PM 



hr 



5 



n 



EXAMPLE PROBLEM 



20 bulbs 
500 watts 
20_ X 500 watts 
10,000 watts 

\> • 
4:00 PM 



10:00 PM 



6 hr 
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7.) The hours per year usage: 



hr/day x365 



hr 



8.) The cost of electricity 

(from Energy Manaqement Form annual average of column ' 
7): 



$/Minion Btu 



9.) Cost to install photocells: 
(from a contractor ' s quote ) 



EXAMPLE PROBLEM 



J_hr/day x 365 
= 2190 hr 



= 12.5 $/Million Btu 



= 200 $ ' 



4 



B. CALCULATIONS 



1.) Using table 2-i choose the latitude 



' closest to your school: 



2.).At this latitude the use time 
per day in January would be: 



PM turn 9ff 
time "• 



(from table 2-i) 



PM turn on 
time 



hr/day use 
■ time 



3.) Then for the month the total use time 



would be: 



hr X 



days 



■ y 



4.) Do this for the rest .of the months using 
the chart on the following page. 



hr 



, TABLE 2-1 . • . • . 
APPROXIMATE TIME FOR 2 FT CANDLES LIGHT LEVEL (TURN ON TIME) 



F • M . A 

6:30 6:00 6:00 

* 

6:00 6:00 6:30 

6:00 6:00' 6:30 

6:00 6:00 7:00 

5:00 6:00 ' ' 7:00 

5:30 6:00 -7:00 

5:30 6:00 7:00 

5:00 5:30 7:00 

4:30 6:00 7:30 



JL J J A 

6:30 6:0a 6:00 6:00 

6:30 7:00 6:30 6:30 

7:00 7:00 7:00.' 6:30 

7:00 7:00 * 7:00 7:00 

7:00 7:00 7:00 7:00 

7:30' 7:30 7:30- 7:30 

7:30 7:30 7:30 7:00 

7:30 8:00 7:30 7:00 

8:30 9:00- 9:00 8:30 

,62 • 



S __0_ _Di_ 

6:00 6:30 6:30 7:00 

6:00 6:00 6:00^ 6:00 

6:^ 6:00 5:30 5:30' 

•6:00 6:00 5:30 5:00 

6:00 5:30 5:00 5:00 

6:00 . 5:30 ■ 5TD0- . 5:00 

6:00 '5:30 '4:30 4:30 

5:30 5:30' 4:30 4:00 

6:30 .5:00. 4:00, 3:30 



Usage Hours yith PhotoceHf 





hrs 


Jan 


X 


Feb 




Mar ' 

t 


X 


Apr 


X 


■May ' 


X 


Jun 


X 


Ju) 


; ' X 


Aug 


X 


Sep ' 


X 


Oct 


X 


Nov 


X 


Dec ■ 


. •■ ■ x 



Total Hours 



V 



V. 



hr/yr 



EXAMPLE PROBLEH 



hrs ' 

Hi J 








Jan 5 


X 

A 


J 1 

IT 


''J 


Feb 4/1/2 


X 


28 


Mar 4 


X 


J 1 




Apr 3 ■ 


•A 




: on 


Hay 2 1/2 


X; 


31 


: 77 ? 


Jun 2 1/2 


Y 

A 


?n : 

JU 


Id . 


Jul .21/2 


A 


J 1 


77 i; 


Aug 2 1/2; 


Y 
A 


31 = 


* 77 C 


Caw /! 

oep 4 


x , 


, 30 = 

> 


• -120 


Oct 4 1/2 


X 


/ 


• 139.5 


Nov 5 


X 


31' = 


.150 


Dec 5 ' ■■. 




155 



Total Hours 



hr 
yr 

watt hr/yr 



X 3.41-2 
• .1,000,000 



Million Btu/yr 



watts X 



watt hr /yr 



X 3.412 
1 ,000,000- 



Million Btu/yr 



Million BWyr 



10) Cost saved per year with photocell: 

X 



$/yr 



11) Payback period '■= cost 



$/MMBtu cost of electricity 



yr 



6G 



cost 




$ 


cost m$ ■ ,1 


savings 




$/yr 


savings 151 f/yr 



EXAMPLE PROBLEM 



28.08 X ]2J_ $/MMBtu 
= JiL $/yr 



.6 yr 



PROBLEM NUMBER 9' - 

Lower the domestic hot water temperature to'llO^F. This. should 
be1ibt e,nough for showers, etc. 

A) DATA NEEDED FOR CALCULATIONS : 

1) The school is now consuming how many gallons of hot water 
• ' per student per day: 

(If this figure is not, available . 

. . use the following avefege's*:) ^ "' 
Elemen^tary Schools = 0.6 gal /student/ day . 

/ ( Junior and senior high schools = 1.8gal/student/day 



gal/student/ day 



Adopted from ASHRAE, System Handbook 1973. 



EXAMPLE PROBLEM 



r.8 gal/student/day 



'67 



) 
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imate fhe number of studentis >n. the school: 

students 



3) T he daily wate r consumption: 

. ■ ' • * * * 

gal/student/dayx 




4) Number of school day per" year: 

days 



5) The'^^regent -hot water temperature setting:- 



6). The tost, of ..the energy to heat the hot water: 



J/MMBtu 

.(From .Energy toagement-Form, annual average of col umn 1\ 
" . 11, IS," or 19 dep^n^ng on the type of fuel used) T ■ 



£8 



EXAMPLE problem:.;, 



1000 students 



1.8 X 1000 



= 1800 gal/day 



180 days 



160 "F 



.-12J4 $/wiBtu 



/ 



B). CALCOLATIONS 
1) The total hot wsiter" used per year:: 
.' I gal/day xl 



gaVyr. 



2) The savings Of heat at HOT: ■ 



X8.34 i 1,000,000 



fflBtu/yr savings 



3) The cost savings are: 

MMBtu/yr savings x 



Vsavings 



school days' 





gal/yrx (' 









$/HMBtu 



, The payback is immediate since there is no initial cost to- 

* » _ . ..■ ■ ■■,'>. 

lower the iiot water temperature. 



EXAMPLE PROBLEM 

T 



1800 gal/day x 180 school daj/s 



32,400 .gal/yr 



32,400 (ia]/yrx (160T.-110^Fl 
x 8.34^ 1,000,000 
= M MMBtu/yr savings 



]2L5HMBtu/yr savings, X MJ/HMBtu 
=16'6.7 $/yr savings ' ■ ■ 



■'• • ■•• - CHAPTER 3 

''P;" ■ ENERGY -MEASaRES 



.This Chapter, of \he manual contains a list Df energy measures that 
require an initial capital investment. More often than not, they will 
yield greater return in energy and cost savings than the no-cost main-" 
tenance. and operational changes listed, in Chapter 1. However-, before 
investing any money make sure you have implemented as many of the no- 
cost' items as practical. • ' . " • 

Read through the list, making notes as you go along. Clioose measures - 
that are appropriate for your school . Some measures obviously require 
greater investment than. ^hers; -therefore, estimating the payback 
period of- those measure^ifShich apply to your school is a convenient 
method of establishing ydBr 'jariorities. Use the basic reasoning and " 
techniques portrayed in the problems of Chapter 2 as .a guide for es- 
timating energy savings and payback periods. Hor example,' follow the 
basic, methods of estimating the annual- savings' for a given measure; 
Then, obtain an installation price for that measure. To find the simpl 
payback period, divide the installation cost by the. estimated annual 
savings. . , , . . 

The following measures have been shown to produce the most dramatic 
savings for the least initia^i'nves.tment (they are also listed in their 
respective functional headings in this Qhapter): ^ 



•^1. Replace old,- inefficient burner^ with. new, efficient ones.. ' 

2. If you have a boiler", ha^ a technician -check the efficiency of 
it on a regular basis. A percent. loss of boiler efficiency is a 
percent loss of erergy, and cost. It is generally worth any cost 
incurred to optimize the boiler. operation. 

3. Consider installing spring-actiVated hot water taps^ . 

4. Insulate hot, bare heating. pipes. Economic thicknesses can be 
supplied by contractors using guidelines established for FEA 
Conservation Paper 46, "Economic Thickness for Industrial In- 
sulation"-; - ' . • • 

Repair or replace leaking steam traps. , . 

Install shower head restrictors in locker rooms. This may save 
up to 50% .of the hot water co'nsumption. 

7. Wh^re^practical use waste heat for hot water heating. 

8. Control exterior lighting with photo electric cells.' 

9. 'Prehesft combustion air where practical. 



10. 

11. 



Use energy conserNTniig fluor^cent lamps. . . 

If you are being pnalized by the electric company for a low 
power factor, It njay be cost effective- to correct It. 



12i Insulate gym '^Ky lights. 




v.- 



V 




59 



72 



i 




^ :-^AGES 60-6^ . "ENERGY CONSERVATION MEASURES"" REMOVED 
PRIOR ijo BEING SHIPPED TO EDRS ' FOR FILMING 



V 



DUE TO COPYRIGHT RESTRICTIONS. 
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C. SCHOOLS THAT OSE BOILERS FOR SPACE HEATING OR 
. OTHER PROCESSES P . ' : 




4. 



,.rf .the bofler is large enough to require a. licensed operator, 
then the belief control systerfi; 'is complex enough: to, greatly 
affect t>ie efficient operation of the boiler. As the- boiler 
control sy Stan approaches- IQ years of age, the potential for 
defective operation. 'f.rpm vf6rn.^0ut controls increases. Replacing 
worn-out controls with a hew system could increase the effi- 
ciency of the;- boiler system anU conserve energy. . , 

Consider replacing- existing' boilers with .modular boilers (small, 
i ndependen t boil ers ) , .Most boll ers ach i eve . max imum ef f i c i ency 
only when T>Jfming' at their rated ..output. ;in most cases, how-. ■ 
ever , f u}T^ oi 1 er capac-i ty i s sel dom requ i red because heat l.o&^ 
Is 60% tess^than full load 90% of the tinie. As a result,■'large- 
capacitJLboiTers in single units operate intermittently for the 
major part of the heating season. A modular boiler system com- . 
prised of two "or more small -capacity boiler units will increase 
seasonal efficiency. Each module is. fired at 100% of its capa- , 
city only when required.. Fluctuations of. load ar6 met. by firing 
more or less boilers. Each small-capacity boiler with low- 
thermal inertia (i.e. , providing rapid response and low heat-up 
and cool-down losses) will either be running at maximum effi- 
cienby or be completely turned off. In a typical installation 
where .single-unit, large-capacity boilers are replaced by modular 
boilers, boiler seasonal efficiency may be improved from 68% to 
75%. This represents a 9% savings of present fuel consumption. 
Use of the modular approach is particularly worthwhile in cases , 
where the present boiler plant is at or near the end of its 
useful life. Replacement modular boilers should be sized to 
meet the reduced heating load resulting from use of other 
measures. 

Feel the pipe on the downstream side of steam traps- "Iff it is 
excessively hot, the trap probably is passing steam.;. „ This can 
be caused byidirt in the trap, a valve off the stem, excessive 
steam pressure* or worn trap parts (e-specially valves and seats). 
If the pipe is moderately hot (as hot as. a hot water pipe), it . 
probably is passing condensate*^ which it should do. If it's 
cold, the trap is not working at all, and should be replaced or 
repaired. / " 



Have a technician check the 
efficiency is a percent los 
ly worth any cost incurred 
first step- is to simply^r6d 
any further reduction -would 
the temperature of the flue 
tion from a. toiler furnace 
passage known as the flue) 
from 100% to 50%, an effici 
achieved. .• ,_ ^ . 



boiler(s). A percent loss .of boiler 
s .of energy and mpney. It is . general - 
to opt-ijTiize boiler -operation. A good 
lice the excess air to the point where 
result in smoke. For instance, if 
gas, (the gaseous products of combus- 
that ' travel to" the stack through a 
is 400°F and excess' air is chansed 
ency increase of 3% is iirmTediatfely . 
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63' 



74 



1 ^ 



5. Replace- inefficient boilers (e.g. , single-pass tubed^'~&iKf other 
boilers which are at or near the end of useful 1 ife/HTt^se 
boilers should be replaced by a modern version whit:h is matched \ 

■ to current and projected needs of the installation involved; In ' 
. most casete,' new boilers on the market can obtain 80% efficiency, ,1 
Evenuiore efficiency can be gained by specifying multiple boll ersV 
Replacement burners should be selected on the basis of lopg-term 
cost rather than initial cost. Increased cost of fueU labor, 
and materials should be considered in develQping long-term cost 
projections. Also consider installation of a dual -fuel system 
to avoid problems in the event of any shortages or curtailmentsi" ' 

6. Convert to a low pressijre systens^to Improve the. heating system's 
: annual operating efficiency. The InstalTatioir of small steam 

electric boilers near the termination of some steam lines may 
reduce the need for piping modifications. 

.r , ^ 

7. Lower steam pressure to the minimum pressure that will just 
satisfy needs. 

8. Install a flue gas. analyzer: Optimum combustion efficiency 
varies continuously with changing loads and stack draft. Ac- 
cordingly, maintainihg optimum combustion efficiency requires 

•continuous adjustment of fuel/air ratios. This can be achieved 
through installation of a flue gas analyzer, which provides 
continuing information on flue gas temperature and CO2 or 0? 
content, thus enabling manual adjustment on a continuing basis. 
The specific type of flue gas analysis instrumentation required 
depends on the. type of installation Involved. Due to the In- 
creasingly more widespread need for multifuel burners, however, 
O2 analysis Is considered to be the single most useful measure 
, for all fuels since the O2 to total air ratio varies within 
narrow limits. 

9. Most service companies will test burners for a token fee for the 
following; 

a. Air to fuel ratio: This must be maintained properly. In 
case of insufficient air, the fire will' smoke and deposit ' 
soot on the. water tubes of the boiler. Soot acts like iii- 
sulation on the tubes, which causes waste of energy. 

■ b. Firing period: If It is improper, it could be a sign of 
faulty control. , 

c. Flue gas analysis: The efficient combustion of fuel in a 
. boiler requires burner adjustment to achieve proper stack 
temperature, CO2 and excess air setting's. Check settings to 
provide ^tack temperatures of not more. than ISOop above ■ 
steam or water temperature. There should be no carbon 

monoxide. For a gas-fired unit, C02,should be present at 9 
, ,to 10%. For #2 ^3-l-, . ll.,5 to 12.8%; for #6 oil , 13 to 13.8%. 
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10. Decrease gas or biV. Input rate of the boilers so that they wijl 
operate over longer periods of. time. This will decrease losses 
incurred during the off cycle. . ' 

11. Readjust 'clamper control to maintain proper draft under both Tow 
and high fire. ; 

12. llfcall automated damper controls to provide positive. draft 
shuVoff when the boiler is Tiot operating. 

13. Inspect-on a regular basis all boiler insulation, refractory _ y. 
(the inside lining of a furnace) » brickwork, and boiler casing / 
for hot spots and air leaks. Repair and seal as necessary. 

14. Check boiler stack temperature. If it Is. tOo high (more than 

: 15pOF above steam; or water* temperature) clean tubes and' adjust 
. fjiieT burner. , , ■ - ^ . . 

15. Isolate off-line boilers: Light heating loads on a multiple • 

> boiler installation are often met by one boiler on line with the 
\s f remaining Boilers idling on stand-by. Idl ing^ boilers consume 
energy to meet stand-by losses. In many cases, these losses are 
increased by a continuous flow of air drawn in through the 
idling boilers and up the chimney. iJnless a boiler is about to 
be ijsed to meet an expected increajse in load, it should be 
secured, and isolated' from the heating system (by closing dam- 
pers). A large boiler can be fitted with bypass valves and a 
regulating orifice (a small" opening intended for the. passage of 
a fluid) to allow the minimum flow required to keep the boiler 
warm and avoid thennal stress when it is brought on line again. 
If; a boiler watersiqe is isolated /it is important to prevent 
back- flow of cold air-through the stack, which.^cS)uld cause the 
boiler to freeze. . . - ' • 

16. Inspect boilers for scale deposits, accumulation 6f sediment 
(the solid substance that is deposited in the^bottom of a 
liquid), or boiler comp'oiinds on waterside surfaces. Rear por- 
tion of the boiler must be checked because it is the area most 
susceptible to deposits of scile. -Sciti^reduces the e 

- of the boiler and possibly can lead to ovetlfeating df furnace,*, 
cracking of tube ends, aML other problems. ( Have scale cleaned 
regularly. 

17. Provide proper chemical tre'atanent of boiler water to reduce 
scale buiTd-^up, pr^ortect the boiler, and help protect condensate*, 
returns. 

18.. Inspect insulation of all mains, risers and branches, econo- 
.^mizers ancl condensate (condensed steam that is Tiow water) 
receiver tanks. Repair or replace as necessary. 

19. Preheat the air before it enters the combustion chamber. of the 
boiler by th^ waste gases from the chimney. 
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. 20. Connect the space heating hot water pumps to' the 'time clock so 
' that they will operate only^ when the boiler -is being/used. 

21, If possible, install a boiler stack economizer. 

. 22. In case of leakage, replace flanged valves with weld-end valves, 
except at locations where frequent removal of valves fs' neces< 

.•- : sary. , . ■ ^ • .■ ,-• 

23. "Reduce blowd own losses: Some of the water is removed from the 
boi ler by blowdown in order- to control the amount 'Of sol i-ds' and 

. salts in solution and thereby maintain the desired concen tra- 
tion. Slowdown results^a,steady energy drain because make-up 
. • water must be heated. Energy can be saved, however, if bl/Jwdown 

water is not discarded but instead is used to heat make-uD 

■ water. - . . ' . ; . 

24. Listen to steam traps to determine if they are opening and 
closing when, they should be. If they are not, repair or replace 
the traps. 

25.. Route vents from steam system flash tanks (where the low-pres- 
sure steam is collected after the boiler has been through its - 
blowdown cycle) back^into low-pressure steam mains. . . 

26. tf practical, install turbulators in boiler tubes to increase 
the heat transfer from the hot gases to the waterside. 

27. Inspect boiler door gaskets. Replace them tf they do not pro- 
vide a tight seal.. . ... ^ 



VENTILATION 



Adjust outside air intake. - Return air and mixed a.ir damper 
a controls •Jn winter to raise supply ?ir temperature to a. level 
I -between ;640F and ZOOp, depending on *the conditions in the. area 
. served by the system. ' 

2. Add a warm-up cycle to air handling units with outdoor air in- ' 
take. Keep outdoor air -dampers closed during, morning bu-ildinq 
warm-up or copTrdown So orjjy air already in the building is 
conditioned. • A. cycle can be incorporated using a two-circuit 

. time clock- to^ control air damper and fan operation. - 

3. Consider adding variable volume valves and eiin#iating terminal' 



4. Reduce system resistance to air flow to a minimum by replacing 
those duct sections and fittings. which impose unnecessary re- 
sistance on the system; replacing dirty filters with adequately 
sized filter media which have a high efficiency and low air flow 
resistance; removing unnecessary dampers and other obstructions, 
from ductwork, and replacing high-resistance inlets and outlets 
with modern grilles and ,diff users providing low resistance. _ 

5. Inspect ductwork for air leakage. Seal all leaks by taping or ,. : 
caulking. ' / . ^ : 

permanently sealed windows to reduce infiltra- 
nes where this is a very large< energy user. 

InstalX storm windows, thrqughout or double giaze windows .through- 
out* A\single 36 ft window will save 3; 5 million Btu.,per 
year wifh storm windows added. ' , 

broken or cracked window panes. ' ' 

InspjiEfct ductwork insulation. Condensationr on. air handling sur- 
face^is a sign of inadequate or loose Insulation. Repair or 
replace insulation as necessary. 




10. 



Caulk, gasket, or otherwise weatherstrip all 
such as those between wall and foundation or 
between wall panels. 



exterior joints, 
wal 1 "and roof, and 



11. 



Caulk, gasket, or otherwise weatherstrip all openings, such as 
those provided for entrance of electrical conduits; piping, 
through- the-wall cooling and other units, outside air louvers, 
etc. . , ' - - ' . 



12. 



Where practical, cover all windpw and through-thei-wall j:o 
units when not in use. Specially designed covers can Km^ ob- 
tained at relatively low cost. 



13,. 



14. 



15, 



If an' exhaust hood is oversized, adjust it so.no more air than 
necessary Is exhausted. This can- be done easily by blocking off 
a portion of -the hood, or. lowering. the, hood, or reducing fan 
speed, or utilizing a combination of these techniques in com- 
pliance with applicable health regulations.. ; 

Modify duct system and hoods to introduce unheated outdoor or .' 
return air directly to the' exhaust hoods. 

Reduce or eliminate the need for using outdoor air for odor 
control by installing chemical or activated .charcoal-'absorblhg 
devices. 
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^16. Consider installing new fresh air dampers. Ma^y older ventila-.- 
t1oh systems are designed with fresh air dampers which do not 
provide for accurate Intake, control These dampers can be re- 
. filaced with high-quality, opposed blade tiampers with the proper 
: . seals at the blade edges and ends. This will minimize air leaks 

* as well as provide better fresh air Intake settings. 

17. Install baffles to prevent win'ct from blowing directly Inta ah ' 
outd^por a1r Intake. 

18^ ^Supply ventilated ;a1r to parking garages to levels Indicated by 
. a C02;monftor1ng system. 

19. Consider install ing economizer/enthalpy controls on air handling 
i,units. tOiminlmIze cooling energy requirements by using proper 
amounts of outdoor and return air if rom "free cooling" when ' 
possible; Ecdnomizer controls' generally are used to provide ■ 
"free" coal ing.: . Whenever the outdoor air temperature Is lower 
than.the indo^)r, temperature* outdoor-air Is brought ^^d^^^^ 

into conditioned spaces instead of being, treated by the mechani- 
cal cobling system., .. . ; 

, Enthalpy controls have, a similar purpose; but are mor^ sophis- 
ticated and effective." They measurie the total hea$ content of 
outdoor air and feturri air and utilize proper amounts of each to 
provide maximum energy benefits; . • = 

20. Consider installing automatic; door closers on all doors leading 
to the exterior or unconditioned spaces. 

21. Consider installing a vestibule for the fj^ont entrance of tfie 
building, where practical. It should be. fitted with self- - 
closing weathers tripped doors. . It is critical that sufficient^- - 
distance between doors be provided. / * 

22. The; valves of steam headers^'. 1 n the boi 1 er room that .supply s'teemi ■ 

• ■ to Unused individual air handling. units should be -kept in an off 

position. This will reduce steam piping heat losses. ' 

23. Acquire the services of a, temperature control expert to check ' 

■ .and "adjust all system controls and to recommend modifications. - 

24. Change fans and pumps from steam to electric motor devices to 
permit reduction of steam pressure in- mild vffiath • - - 

.25. Install Individual time, clocks for each fan unit.". ' ' . ^. ',V 

26. / Installsa grille on the furnace room door to provide adequate", - . 
inside combustion air, not outside air. 



27. Inspect air valves in dual-duct mixing boxes (an afea in which 

air of different temperatures and humidities are mixed) to en- 'i f ■ ' y- - 

sure full sealing and minimum air leakage. , • r ^' - 

it ■ . • . • . »# ^ - • » T 
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.28. Utilize ductwork" access, openings to checks for any obstructions 
such as loosely, hanging insulation (inclined ducts), loosely 
turning vanes and accessories, and closed fire dampers. Adjust, 

p V repair or replace as necessary. - *^ 

29. Install an automation system to operate the ventilation Units-so 
that supply air "temperature and return-air/fresh-air dampers can 
be adjusted to maintain the desired space temperature in the 
room. . ' r ■ 

30^, Operate. exhaust fans -OBly, when needed. Consider separate time 
clocks for these cycles. Some pressurized buildings' may not re-- 

■ - -. quire all. of the exhaust fans to operate for proper ventilation. 

31. Add controls to shut doWn~ the ventilation system whenever a 
building is closed for AFi extended period of time, as during the 
evening,^ weekends, "etc. V except when the economizer cycle is in 
use. , ■ . - 

"V ^ ■ • 

32. Increase the ventilation unit's summer mixed air temperature to 
minimize the air conditioning and reheat requirements. 

33. Fresh air makeup units should be designed so that the damper is 
closed. when the unit is shut down. ■ , . 

34. Fresh air dampers installed in return air duct could eliminate , 
the operation of the air conditioning (except fan) during off- 
peak seasons. 

35. When more than 10,000 cubic feet per minute ar^, involved,, and^- 
.. wh,en'bun^lding-^bi^figura^ p^l-mits,. ,co'nsider installing heat 

■ - 'recovery devices .such -as avrotary" heat exchanger. For some. 
;Cl.imatic CGriditions an "enthalpy .wheel ," which permits recovery 
of some 75% of outdoor heat load during both heating and cooling 

' cycles, will be feasible. t ^ 

■ ■ ■ : ■ . / . , ■ • .' ■ ( • ■ ■ ■/ ■ ■ 

36. . Adjust.or replace- all supply air temperature gauges so that •. * 
'. •. accurate ventilation tanperature can be -read .and-maihtained. 

37. " To minimize infiltration, 2|balance mechanical ventilation and 

'^provide building staticr^tressure (the normal pressure which 
: exists inside that building) control so that supply air 'quantity 
equals 'or exceeds exhaust air quantity. . , • ' .. 

38? :in'^istihg ;sys terns .where thrott-l^ri 
. v flow, revis^e, the fan drive or -€he^ pump to- required flaw;with- lio" 
throttling. ' " . . .. -V ■ 
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1. Replace li^effi dent air conditioners. Newer units may save as 
puch as 25% or. more on the energy consumed for the same cooling 

€. Increase the supply air temperature- on' al 1 air handling units 
during the summer- to the point where at least one space served 
by€ach, unit is warmer than desired. 

3. Consider installing interlocks between the heating and cooling 
systems of each unit to prevent simultaneous heating and cool- 

4. Inspect the maisture-liquid indicator. on a regular basis. If 
the color of the refrigerant indicates "wet," *it means there is 
moisture jn the system. This is ;a particularly critical problem 
because it can cause improper operation or costly damage. A 
competent mechanic should be called in to perform necessary 

' adjustments and repairs immediately. Also, if there are bubbles 
in- the refrigerant flow as seen through the moisture-liquid in- 
dicator, it may indicate. that the system is low in refrigerant. 
Call in a mechanic to add refrigerant if necessary and to in- 
spect equipment for possible refrigerant leakage. 

5. -J^educe air flow to al l areas tp minimal ly acceptable level. ' ' 

5.- When no cooling loads are present, close' off cold ducts and shut 
^. down the cooling system. Reset hot deck according to -heating 
loads and operate as a single-duct systefn.- When no heating. 

♦ loads are present, follow the same procedure for heating ducts 
and hot deck; It should be noted- that operating a. dual-duct^ 
system as a sfngle-duct- system reduces air flow,' resulting in 

• increased energy savings through- lowered fan speed requirements. 

. Use a leak detector to check for refrigerant and oil leaks 
^.around shaft seals, sight glassfis, -valve bonnets, flanges, flare 
connections, and the relief val ve on, the condenser -assembly, and 
-at pipe joints to equ-fpment, .valves, and instrumentation. . 

. Look for unusual compressor operation such as continuous running 
or frequent stopping and starting, either of-wl^ich may indicate 
inefficient operation. Determine .the cause and, if necessary 
' correct. , 

Check -a-.l 1 ■ compresspr joints for leal^age. . Seal as- necessary! ^ . 

Reduce secondary ; water floW during: maximufif heating and cool ing 
■ periods: by pump throttling or, for dual-pump systems, 6v operat- 

• ing one- pumpf only. - , ~ . ' :. .; V^. . " :/ - ■ 



11. - Install- -rnsulatTOfi on all hot arid chilled water pipes, fittirt§sj 

and valves passing through uncondi'tioned'spaces to miaimize heat 
. losses and- heat gains. . ^ '■■ 

12. Use water Xre^^nt techniques if the local water supply, leaves ' 
surf ace~ depos i ts -on the coi 1 .' ^ . ^ 

13. Perform tests to determine if solid concentrations are being 
maintained at ah acceptable level, in the cooling tower. • 

14. - Determine if there is air bypass from the tower outlet back to 

- the inlet. If so* bypass may be reduced through the addition, of 
* baffl-es or higher discharge stacks. ^ 

15. ^ Caulk openings between unit and windows or wall frames. 

16. Obserye the noise jnade by the system. •Ariy unusuaT sounds could 
indica^te a -problem. _ Determine the , rat^e an.d correct -it. ■ 

17. Chillers with wrater-cooled condensers should have the condenser 
heads removed anrrually and the tubes and waterbox. (the tank in 

' ... which the. tubes are immersed) cleaned. The waterside- of the 

evaporator , should be opened every three years and cleaned in the 
same manner*' as the condenser. .■ ' .. ■ , . 



LIGHTING - ' . ^ . 

1. InstaTl a. desk lamp for the instructors so that they can occupy 
the classroom without all the^ lights being on. - ,. 

2. .'Use energy r cons erving fluorescent lamps. When relamping, .re- 

place 40-Watt fluorescent lamps with 35-watt lamps to achieve a 
reduction in electrical energy consun^tion. These lamps save, 
about 15% of the fixture's electrical energy. 

' ■" ' . - " / ■ ■ . " ■ 

3. -, Lamp efficiency /deteriorates -over the' life of a lamp. Light 

— output sibu Id be checked regularly by maintenance-rpersonnel with 
\ a calibrated light meter (a- meter wh»icfHias been a^ijusted for ^ 
accuracy). When the light output of aj group of lamps has fallen 
• to .approximately, 70% of the original ISght output, relamp all ' 
■ .fixtures in the group at the same timet This is also. a good., 
time- to check whether a more, efficient or' lower-wattage iamp -is- 
suitable. . . . ' - - ^ - - ^ • . 

4. 'Install timers OH:, gym. and fieTdhouse lighting system - that -wi IT 

. automati<;any ihut off Tights after each elass." ' ' ' . 

5. Consider the insltallatiQn of photo-cell and timecj oclCx-to ope%:e 
some of the swirimtfig poor Tights during occupied hours. 



6. 



Lumfna ire. efficiency can be -maintained by properly cleaning the 
reflecting surfaces and shielding media. 'Replace , lens shielding 
that has yellowed or become haiy with a clear acrylic lens 'with 
good nonyellowing properties. ■ For s.ome applications, a clear ' 
glass lens can be considered-if it is compatible wj \h the lumin- 
aire and does not present-a safety hazard. (Caution^Ti?nrtd be ^ 
used to assure that an existing -luminaire wilj^afely suppVt 
and hoid'jthe "glass lens-), ' 



7. 



10. 



Replace outdated. or damaged luminaires with modern luminal res 
that have good cleaning capabilities and that use Icmips with 
good lumen maintenance characteristics." 

Consider replacing present lamps wijth those of lower wattage 
that provides the same amount of inumination or- (if acceptable 
for the tasks involved) a lower level of illumi nation. (Chang- 
ing the lens .tr- lowering the luminaire can often help facilitate 
this option.) .-This method is particularly applicable where cur- 
rent lighting levels are higher than recommended or where uni- ' 
form lighting is the most practical due to occupant density. 

Select lamps that are the mOst efficient, as measured in lumens 
(a^unit of light output frCm a source) per watt, and that are 
compatible with the application. Compatibility with the' lumin- 
aire, of course, is also essential. If some luminaire replace- 
ment is to be undertaken, determination of 'the Tamp type in- 
volved should also be considered; In, general, efficiencies of 
' lamp types/rank as follows,; in descending order: 

LUMENS PER WATT (INCLUDING(^ALLAST) 

. ■ ■ . '. . Smaller. ■ . " 

^ - sizes 



High- pressure 
Metal halide' 
Fluorescent 
Mercury . 
Iricandescent 



sodium 



84 
67 

44 
IZ 





12. 



than Tower-wattage Tamps. 



Revise -switch circuits to permit tur^ng off unused or unnepes- / 
sary" light. ^ ^ ^* , ' , 

Avoid" mu ft iT^vel lamps. The efficiency of a. single-wattage lamp 
.is- higher^'per watt^than a jnultilevel -lamp. 
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■*• ' 13. Use extended service lamps in special cases where short lamp 
life is a problem, such as recessed directional lights.' 

14. - Consider using higher power factor ballasts when refitting. 

15. Consider adding solid state diraning controls for incandescent 
•luminaires tn multiple^ purpose spaces which require more than 
one level of illuminatipn. ' . . 

■ " . ■ . ■ ■ • ' . : 

- 16. . Where appropriate, consider installing lenses which prov.ide 
• special light distribution patterns to increase ligK,ting effect- 
,iveness. As 'examples, linear Ijatwing, radial batwing, parabolic 
. • ••. louvers, or polarizing" lenses may provide "better Visibility with 

; • the same or even reduqed wattage. It is suggested that competent 

technical advice be obtained to evaluate where' such lenses "can 
. .' be used most effectively. ' ~ 

17. Relocate ]uminaires to provide light on task ^rea^",at an angle 
outside the zone which causes veiling reflections if relT)cation 

..of work station is impractical. 

18. Consider lowering .luminal res so they will provide recommended 
illuminate* on levels on the task area at a reduced wattage. " 

19. - Replace all .incandescen't perrking lighting with H. I. D. lamps. For 
" ^amplev Low Pressure Sodium, High Pressure Sodium or Mercur 

Vapor lamps. - • . ' - , . 

20. Rieplace 'the gym incandescent lightlig systems with mercury 
- • vapor or other high effi^ciency source. 

21. ' When natural light is avaiUble in a building, consider the use 

of photocell (a device wbich controls electricity by measuring 
, the available light), switching to turn off banks of lighting in 
areas where the- natural light is sufficient for the task. 

N 22. ifse photocells for turning on exterior lights; use time clocks 
for turning off the exterior lights. 

23i Provide "timers to automatically turn off lights in remote or 
^seldom-used areas. . ' - 

24. Providfe selective switching; ^Initial cost' economics 'an^4ack of 
- knowledge about final space subdivision often 1^1 to the LTse of 
central -panel -boards as the only means^f^eontf^T^ Ni 
^' ' , blocks of lighting. This design approach precludw' the poten- 

tiarfor turning on only the amount of lightirtg tfmt is actually 
needed after the space hak b^n' subdivided. ^ 
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G.' DOMESTIC WATER 



1. Meet hc/t water heating needs from: . .. 

. a;' waste heat from Incinerators or furnaces 

b. rejected heat of compression from refrigeration units 

c. waste condensate return from steam operated systems. 
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2. Install shower head restrictors In the gym locker rooms. " ^ 

This may save' up-to 50%:or the hot water demand. ' ^ 

' / 3. 'Inspect water supply system and repair all leaks, including 

those at the faucets. * . * 

' 4. If water** pressure exceeds 40 to 50 pounds, consider having a 

plumber Install a pressure reducing valve on the main service -to 
restrict the amount of' hot water that flows from the tap. 

5. Inspect and test hot water controls to determine if they are 
working properly. If not, regulate, repair or replace. 

• - 

6. ' Increase the amount. of insulation installed on hot water pipes ., ° ; 

and storage tanks' or replace existing insulation with a type 
having better -thermal properties ("R" value). , 

.7,. Consider replacing existing hot water faucets with spray type 
faucets with flow restrictors wherever practical. Consult with 
a government infection control conmittee before making modifica- 
tion. ■ - . . ' 

- 8. Use a swingle systan to meet handwashing needs in toilets. 

9. If boilers are used as the primary heat source, for domestic hot 
vjpter, install a boiler to match the load rather than use an - 
Oversized heating boiler all summer. 

■ ■■ \ . . ■. - £ 

■ -■ «. . 

10. Install a >sman domestic hot water heater^ to ma rn tain the de- 
- sired temperature in the water sts^rage tank^ This eliminates 

the need for runniqg one of the larsi space neater boilers at a 
very .low effici^ncy^uring the summerTnonths. 

11. Consider arranging cir^lating pipework to minimize the length 
of dead^egs connecting' to faucets. 
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CHAPTER 4 ' 



5 



THE ACTION PLAN • 



•bPo?^^^^'*^°^ the possibilities for saving e|ergy and money is only the 
«9inning siep toward an energj' management program. This book has 
Presented many possible jireasCin. schools where savings may be achieved. 
tha^L - you,''the.iadministrator :or-maintenjance manager,, to get 
t?! ' ^"'"^tio"' implement the: appTicable Maintenance and Opera- 
' 5hnS?] '■^'^^^^fwL^"^ Energy .Measures. An organized system of priorities 
Ahlai^ be established-to -decide where to focus your efforts. The work- 
^ist 0^^^^ chapter is designed to help you organize your 

rhLl'^^^^J'^^^''^ t° ^^"'^'"e the noses t Maintenake'and Operational 
^^A l y^^^ M^ke a list of the applicable ones, 

scneauie them, and 'assign responsibility for accomplishing them. Once 
nf fl , .Itenis have been implemented, a monthly review and update 
wLfk ^"^^^n ^^"agement Fonm in Chapter 2 should .be made to determine 
wnether energy is, in fact, being saved as predicted. • 

thnla^ .accomplished the no-cost changes, the next step is to investigate 
nf Fn ^^^^^ do require a capital investment. Examine the List 

^uit^r^y Measures in Chapter 3. and choose those which appear to be most 
iha fi ^IZ school. . Turn to Chapter 2 to get the approach to calculat 
Calnn c°^* for the measures you have chosen. 

Then tnese measures and determine' their simple payback times. • 
onaL!*'''^"?Lf^® order of shortest payback time first and . 

^hoMi^^^P^^ ^^^^ Assuming that budgets permit, the list 
Lrv.f.^^^^ K examined item by item to' determine if any further con-" 
servation of both energy and dollars can be made. 

interll^? ^A.H^t^^^ ^J^^^^ Management Form" at regular, frequent 
That u,. ^ 2^ri^^^*^^''^P^^^"*^*^'°" energy. conjservat ion program, 

real the reduced :Consumpti on f^^-^ ^.^/^^ electricity will become 
Zur y y^^l^^^l be.able to. demonstrate and verify the savings with 
y"""^ Consumption measurements. 



■ ENERGY CONSERVATION ACTION PLAN 
fiO'-Cost Maintenance And Operational Changes. 



^^RESPONSIBILITY .' COMPLETION . " 

CHANGE # NAME & DEPT. . . DATE & INITIAL : REMARKS 
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PROJECT .. COST 



ENERGY CONSERVATION ACTION PLAN 
Energ[y Measures 



PAYBACK ■ 
^PERIOD RESPONSIBILITY COMPLETION 
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